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Determining the parameters of boreholes drilled for relieving pressure in coal seams is the key preventing and controlling
rock bursts in boreholes of large diameter. In this study, theoretical analysis, numerical simulation, literature research, and
other analysis methods are applied to study the angles of elastic energy dissipation and stress transfer, the distribution law
of the pressure relief area, and the areas of stress concentration, energy, stress, displacement, and plastic behavior of large-
diameter pressure relief boreholes in coal seams under high-stress conditions. The results are then used to evaluate the
relationship between large-diameter pressure relief boreholes and the borehole arrangement. The following results are
obtained. (1) A large-diameter results in a large amount of elastic energy released by the surrounding coal, low residual
elastic energy density, strong interaction between boreholes, large pressure relief range of the borehole, and high pressure
relief efficiency. (2) The main evaluation factor of the borehole pressure relief effect is its thickness and stress
concentration area; secondary evaluation is based on the areas of energy, displacement, stress, and plastic behavior. (3) Six
evaluation index systems are established to evaluate the effects of borehole pressure relief, which are found to be the
thicknesses of the borehole pressure relief area and stress concentration area, reduction degree of energy density,
percentage of stress reduction, displacement, and penetration degree of the plastic area. (4) It is determined that when the
diameters of the pressure relief boreholes are 100, 120, 180, and 200mm, a single-row borehole arrangement is adopted; a
three-pattern borehole arrangement is adopted with diameters of 140 and 160mm. These research results can provide
theoretical support in selecting reasonable borehole arrangements for pressure relief boreholes of different diameters.

1. Introduction

With the increases in coal mining depths in recent years, fre-
quent mine rock burst accidents in coal mines have become
major disasters [1–4]. However, large-diameter boreholes
drilled in coal seams can effectively relieve the pressure on
the seams, thus reducing the occurrence of rock burst acci-
dents [5–8]. Many factors can affect the pressure relief func-
tion of boreholes such as mining technology geological
factors, hole depth, and borehole aperture [9–11]. For a spe-
cific coal seam, considering the small fluctuation of geologi-
cal factors such as coal seam strength and burial depth,
mining technology factors such as mining height and mining
method are basically fixed; only the borehole arrangement,

angle, depth, diameter, spacing, and other physical factors
can be changed. Therefore, determining reasonable borehole
parameters for coal pressure relief is the key for preventing
rock burst accidents.

Many scholars at home and abroad have conducted
abundant research on coal pressure relief boreholes. Li
et al. [12] studied the influencing factors of pressure relief
boreholes in a high-stress coal roadway and showed that
the borehole diameter, spacing, and depth jointly affect the
pressure relief effect of the borehole. The research results
of Geng et al. [13] showed that the arrangement of pressure
relief boreholes has a certain influence on the pressure relief
effect and that the effects vary with the borehole arrange-
ment. The research results of LAN [14] showed improved
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pressure relief effects of boreholes in high-stress areas of coal
seams over those in low-stress areas. Jia et al. [15] studied
the influence of borehole spacing, diameter, and depth on
the strength of samples through laboratory tests and numer-
ical analysis and found that stress release caused by crack
propagation and penetration is fundamental for pressure
relief in boreholes, with a larger borehole diameter, deeper
depth, and smaller spacing showing better pressure relief
effects. Yi et al. [16] studied and analyzed the pressure relief
effects of large-diameter boreholes in soft and hard coal
seams through numerical simulation, with better effects
shown in the soft seams. Wang et al. [17] used stress transfer
and surrounding rock deformation control effects as direct
evaluation indices of the borehole pressure relief effect, cate-
gorizing the degree of borehole pressure relief as insufficient,
sufficient, or excessive. Then, the dynamic action laws of
length, diameter, and spacing of the pressure relief boreholes
were applied to determine the stability of rocks surrounding
a deep roadway. On the basis of the results, a method for
determining the key parameters affecting the pressure relief
was proposed. Liu et al. [18] and Zhang et al. [19] used
numerical simulation based on Fast Lagrangian Analysis of
Continua in Three Dimensions (FLAC3D) to determine that
the peak stress of a coal seam can be transferred to deep
areas by optimizing the borehole arrangement parameters.
Qin [20] studied the stress, energy, and impact tendencies
of coal and concluded that the pressure relief effect of
large-diameter boreholes can be improved by adjusting the
pressure of the coal, dissipating the energy, and reducing
the impact properties. Li and Xiong[21] used automatic
dynamic incremental nonlinear analysis, ADINA finite ele-
ment analysis software, to study and evaluate the pressure
relief effects of boreholes in stress concentration areas of
rock bursts. Zhu et al. [22] put forward a concept based on
the energy dissipation index, from which they deduced a
quantitative calculation method of antiscour borehole
parameters. Shi et al. [23] applied the Mohr strength theory
and FLAC3D and determine that varying the borehole spac-
ing and arrangement can significantly reduce large energy
vibration occurring in rocks surrounding roadway to greatly
reduce the impact risk of coal seams. Li et al. [24] studied the
characteristics of the abutment pressure distribution, design
scheme of the pressure relief borehole depth, and pressure
relief effects in a large coal pillar after mining was conducted
on a working face. On the basis of the results, a method was
proposed for resolving the dangerous conditions of large
coal pillars by controlling the depth and density of the pres-
sure relief borehole, which enabled the transformation of
stress distribution in the pillar from “single peak” to “ladle-
shaped.”Wang et al. [25] studied the effect of borehole pres-
sure relief from the perspective of energy. Zhai et al. [26]
considered that pressure relieved by large-diameter borehole
is more effective for stress relief in large areas. Li et al. [27]
put forward a method or evaluating pressure relief effects
based on the tensile strain value of optical fiber and the pres-
sure relief radius. In their study, the pressure relief process in
the borehole was divided into four stages: fracture develop-
ment, limit equilibrium, hole collapse, and crushing coal
compaction. Zhang et al. [28] considered that a greater bore-

hole density results in more energy released from the coal
seam and thus better pressure relief effects of the borehole.
Ge at al. [29] studied the relationship between different coal
strengths and the spacing of pressure relief boreholes and
put forth a formula based on the results.

Although such studies on pressure relief boreholes of
large diameter in coal bodies are abundant, reasonable
arrangement of pressure relief boreholes of various diame-
ters under high-stress conditions has been studied less
often. Thus, the present study uses the angles of energy
dissipation and stress to evaluate the pressure relief effects
of single-row, triple-flower, and double-row borehole
arrangement schemes for pressure relief boreholes with
varied diameters. The results are then applied to obtain
the relationship between the borehole diameter and the
arrangement mode. This research will provide certain the-
oretical support for pressure relief technology of large-
diameter boreholes.

2. Mechanism Analysis

2.1. Stress Transfer Mechanism of Pressure Relief Borehole.
Pressure relief using large-diameter boreholes is an effective
measure for eliminating or reducing the risk of rock burst.
After a pressure relief borehole is constructed in coal seam,
the stress of the coal seams near the borehole is evaluated.
By applying elastic-plastic theoretical analysis, an equation
for such stress can be obtained [15, 30]:

σx = δ 1 − r2

l2

� �
,

σy = δ 1 + r2

l2

� �
,

τ = 0:

8>>>>>><
>>>>>>:
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Radius of plastic zone RS [15, 30]:

RS = r
l + ccotφ
ccotφ

1 − sin φð Þ
� � 1−sin φð Þ/ 2 sin φð Þ

: ð2Þ

In these equations, σx, σy, τ, and δ are the radial, tan-
gential, shear, and original rock stresses near the borehole,
respectively (units: MPa); r is the borehole radius (m); l is
the distance between the coal and the borehole center (m);
RS is the radius of the plastic zone (m); c is cohesion in
the coal (MPa); and φ is the friction angle in the coal
(MPa).

According to Equations (1) and (2), the stress around the
borehole is redistributed from the original three-way stress
state to the one-way stress state after the pressure relief bore-
hole is arranged in the coal. When the stress of the coal is
greater than its uniaxial compressive strength, the coal will
be destroyed, and a plastic zone will appear around the bore-
hole. The stress near the borehole is then transferred to a
more distant location to form a new high-stress concentra-
tion area, and the elastic energy is accumulated locally in
the plastic zone radius RS to form an elastic-plastic region.
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With the increase in distance between the coal and the bore-
hole, the stress state of the coal gradually returns to the orig-
inal rock stress state (as shown in Figure 1).

After the construction of the large-diameter pressure
relief borehole in high-stress coal, a new free surface is
essentially created on the surface of borehole. The original
rock stress at the free surface of the coal changes, and the
stress in the area close to the borehole is released. The
coal near the borehole contains cracks, and a broken area
much larger in diameter than that of the borehole itself is
created. When multiple boreholes are continually con-
structed in the coal, the broken areas connect, resulting
in complete fracture of the rock mass along the borehole
section. Then, the high-stress concentration area of the
surrounding rock support is transferred to deep regions
to achieve pressure relief (as shown in Figure 2). The
crushing area changes the stress state of the coal seam,
which reduces the ability of the coal seam to store destruc-
tive energy destructive energy and thus reduces the possi-
bility of rock burst.

2.2. Energy Dissipation Mechanism of Pressure Relief
Borehole. A coal unit in a rock mass deformed by external
force was selected as the research object of the present study.
Assuming that the activity was closed, i.e., the object did not
exchange heat with the outside components, the total work
performed by the external force is converted into energy
U according to the first law of thermodynamics [31].

U =U j +Uθ: ð3Þ

In this equation, U j is the dissipated energy of the ele-
ment, and Uθ is the elastic strain energy of the element
that can be released.
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ðε1
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In Equations (4)–(6), εi, εei , Ei, and vi are the total
strain, total elastic strain, elastic modulus, and Poisson’s
ratio of the three principal stresses, respectively.

Assuming that the coal is an isotropic medium and that
the initial values of Ei and vi in the three principal stress
directions are E0 and v0, respectively, Equations (5) and
(6) can be obtained, and the elastic strain energy can be
released by the coal unit [32].

U j =
1
2E0

σ2
1 + σ22 + σ23 − 2v0 σ1σ2 + σ1σ3 + σ2σ3ð Þ� 	

: ð7Þ

The change process of coal mechanics is essentially the
process of energy dissipation, and that of coal instability is
the rapid release process of accumulated elastic strain

energy. When the accumulated energy of the coal unit is
greater than its ultimate elastic energy, the coal unit will
fracture. In the case of fixed coal occurrence and technical
mining conditions, a greater amount of elastic strain energy
of the coal unit released by the large-diameter pressure relief
borehole is related to lower residual elastic strain energy,
lower impact risk, and lower possibility of rock burst. There-
fore, the effect of borehole pressure relief can be evaluated by
the amount of elastic strain energy consumed by the large-
diameter pressure relief borehole.

To study the energy release problem of large-diameter
pressure relief boreholes in a coal unit, numerical simulation
software can be used to calculate the local energy release rate
of the coal unit and its elastic release energy [33].

LERR j =Uj max −U j min, ð8Þ

EREj = 〠
m

j

LERR jV j

� �
: ð9Þ

In the above equation, LERR j is the local energy release
rate of the jth coal unit, Uj max is the peak elastic strain
energy density prior to breakage of the coal of the jth unit,
U j min is the valley value of the elastic strain energy density
of the jth coal unit after fracturing, EREj is the elastic strain
energy released by the coal unit, and V j is the volume of the
coal seams in unit J .

From Equation (7), the following can be concluded.

U j max =
1
2E0

σ2j1 + σ2
j2 + σ2j3 − 2v0 σj1σj2 + σj1σj3 + σj2σj3

� �h i
,

ð10Þ

Original rock stress zone

Elastic and plastic zone

Plastic zone

Borehole

Figure 1: Elastic-plastic zone and stress distribution around a
single borehole.

3Geofluids



U j min =
1
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In Equations (4)–(6), σj1, σj2, and σj3 are the principal

stresses in three directions at the peak elastic strain energy
density of the coal element, and σj1′ , σ j2′ , and σj3′ are those
at the valley value.

3. Numerical Simulation Scheme and Results

3.1. Modeling and Scheme. To study the different diameters of
pressure relief boreholes and to determine the most effective
type of borehole arrangement, the Mohr Coulomb model
was established by using FLAC3D numerical simulation soft-
ware. Six types of pressure relief boreholes of varied diameters
were selected, and each group of pressure relief borehole was
divided into single-row, triple-flower, or and double-row type.
The detailed arrangement is shown in Figure 3, with panel (d)
showing the borehole spacing. In total, 18 groups of models
were used; their size, number of units, number of nodes, and
other parameters are shown in Table 1. The top of the model

was subjected to a high stress of 45MPa; the bottom and sur-
rounding parts of the model were fixed; and the top was in
free-boundary condition. The mechanical parameters of the
coal are shown in Table 2.

3.2. Results Analysis

3.2.1. Arrangement of Single-Diameter Pressure Relief
Borehole. The pressure relief borehole of 140mm in diame-
ter was used as an example for analyzing the thicknesses of
the zones of pressure relief, stress concentration, energy den-
sity, stress, strain, and plastic behavior near the borehole
under the arrangements of single-row, triple-flower, and
double-row boreholes. On the basis of the results, the opti-
mal borehole arrangement was obtained.

(1) Thicknesses of Borehole Pressure Relief and Stress Concen-
tration Areas. Figure 4 shows the thickness distribution of
the pressure relief and stress concentration areas under dif-
ferent borehole arrangements. The thicknesses of the two
areas are closely related to the borehole. Therefore, the thick-
nesses of the pressure relief area and the stress concentration

Stress before pressure relief

Coal

Broken zone

Connected areaBorehole

σ

Stress after pressure relief

Figure 2: Diagram showing pressure relief in coal borehole.

2d

(a) Single row

2d

d

(b) Triple flower

d
2d

(c) Double row

Figure 3: Different borehole arrangements.
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Table 1: Parameters of numerical calculation model.

Serial number Borehole diameter Borehole arrangement Model size/M Number of units Number of nodes

1 100mm Single row 2:3 ∗ 0:5 ∗ 3 15360 23763

2 100mm Triple flower 2:5 ∗ 0:5 ∗ 3 18240 28197

3 100mm Double row 2:5 ∗ 0:5 ∗ 3 17920 27231

4 120mm Single row 2:36 ∗ 0:5 ∗ 3 16340 24856

5 120mm Triple flower 2:6 ∗ 0:5 ∗ 3 18240 28917

6 120mm Double row 2:6 ∗ 0:5 ∗ 3 17920 27249

7 140mm Single row 2:4 ∗ 0:5 ∗ 3 15360 23763

8 140mm Triple flower 2:66 ∗ 0:5 ∗ 3 18240 28161

9 140mm Double row 2:66 ∗ 0:5 ∗ 3 17920 27195

10 160mm Single row 2:44 ∗ 0:5 ∗ 3 15360 23799

11 160mm Triple flower 2:72 ∗ 0:5 ∗ 3 20160 31209

12 160mm Double row 2:72 ∗ 0:5 ∗ 3 20160 31209

13 180mm Single row 2:48 ∗ 0:5 ∗ 3 15360 23787

14 180mm Triple flower 2:78 ∗ 0:5 ∗ 3 20160 31179

15 180mm Double row 2:78 ∗ 0:5 ∗ 3 23630 37777

16 200mm Single row 2:52 ∗ 0:5 ∗ 3 15360 23799

17 200mm Triple flower 2:84 ∗ 0:5 ∗ 3 20160 31209

18 200mm Double row 2:84 ∗ 0:5 ∗ 3 20160 31209

Table 2: Mechanical parameters of the coal.

Elastic modulus
(GPa)

Shear modulus
(GPa)

Density
(ρ/kg m3)

Internal friction angle
ψ (°)

Tensile strength
(MPa)

Cohesive force
(MPa)

7.1 4.3 1640 30 5.6 2.1

(a) Single-row arrangement (b) Triple-flower arrangement

(c) Double-row arrangement

Figure 4: Thickness distribution of vertical stress relief zone of the borehole.
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(c) Double-row arrangement

Figure 5: Energy density distribution in the coal unit.
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(c) Double-row arrangement

Figure 6: Vertical stress distribution.
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(a) Single-row arrangement
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(c) double-row arrangement

Figure 7: Displacement distribution.
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area at the dotted lines (a) (along the center of the borehole)
and (b) (along the center of the borehole spacing) were sta-
tistically analyzed. As shown on the figure, when the pres-
sure relief boreholes were arranged in single-row, triple-
flower, and double-row forms the thicknesses of the pressure
relief areas along the direction of the dotted line in
Figure 4(a) were 1, 1.1, and 1.6m, respectively, and the
thickness of the stress concentration area was 0m. The
thicknesses of pressure relief zones along the direction of
the dotted line in Figure 4(b) were 0.56, 0.55, and 0.3m,
and those of the stress concentration zone were 0.11, 0.2,
and 0.48m, respectively. The average thickness of the pres-
sure relief zone of the three different arrangements was
0.78, 0.83, and 0.95m, and that of stress concentration area
was 0.11, 0.2, and 0.48m, respectively.

The above analysis results demonstrate that the thick-
ness of the pressure relief zone was largest in the double-
row arrangement, although this led to the thickest stress
concentration zone between boreholes. Under the triple-
flower arrangement, the thickness of the pressure relief
(stress concentration) zone was larger than (similar to) that
in the single row. Therefore, the triple-flower arrangement
is the best method for relieving the pressure.

(2) Change in Elastic Energy Density. Figure 5 shows that the
initial elastic energy density of coal is about 1 × 105 J/m3. After
the pressure release by the large-diameter borehole, the mini-
mum elastic energy densities around the borehole were 4:5 ×
103, 3:8 × 103, and 4:9 × 103 J/m3 under single-row, triple-
flower, and double-row arrangements, respectively. Moreover,
the arrangements of single row and double row caused the elas-
tic energy to reaccumulate between boreholes. Therefore, the
triple-flower arrangement had the best effect on coal energy
release.

(3) Stress Distribution Law. Figure 6 shows that the proto-
rock stress of the coal seam was about 40MPa. After the
construction of large-diameter pressure relief boreholes,

the minimum pressure near the borehole was reduced to
about 1, 1.3, and 1.3MPa under single-row, triple-flower,
and double-row arrangements, respectively, and the stress
was reduced by about 97%. The three-flowered borehole
arrangement resulted in a small stress concentration area
between boreholes and smaller stress peak values. Although
the stress concentration area between boreholes was also
smaller under the single-row arrangement, the peak stress
was greater. Moreover, both the stress concentration area
and the stress peak value between the boreholes under the
double-row arrangement were larger.

(4) Displacement Law. Figure 7 shows that the large-
diameter pressure relief boreholes under single-row, triple-
flower, and double-row arrangements exhibited maximum
displacement of 2:8 × 10−3, 2:3 × 10−3, and 2:1 × 10−3 m. It
shows that the arrangement of double-row pressure relief

None

shear–n
shear–p

shear–p

(a) Single-row arrangement

None

shear–n
shear–p

shear–p

(b) Triple-flower arrangement

None

shear–n
shear–p

shear–p

(c) Double-row arrangement

Figure 8: Distribution of plastic zone.
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Figure 9: Thickness of pressure relief zone in boreholes with
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boreholes has the least impact on the displacement of the
coal seam and the effect of controlling the deformation of
the roadway is the most significant.

(5) Plastic Zone Expansion. Figure 8 shows that under the
different arrangements of large-diameter pressure relief
boreholes, the plastic zones of the single-row boreholes
expanded and penetrated each other, and an effective pres-
sure relief area was formed between the boreholes. Under
the three-flower borehole arrangement, the plastic zones
between the boreholes were not connected. Under the
double-row borehole arrangement, the plastic zone of the
diagonally protruding area between the holes was connected

but did not penetrate the horizontal interval of the borehole.
Thus, under the three-flower and double-row borehole
arrangements, the pressure relief effects of the borehole were
not ideal.

The above analysis indicates that according to the angles
of stress and energy, when the diameter of the pressure relief
borehole was 140mm, although the single-row and double-
row borehole arrangements exhibited the best pressure relief
effects in the displacement monitoring and the plastic zone,
the boreholes were scattered and had less of a coupling effect
as well as easy formation of large stress concentration areas,
high peak stress, and large elastic energy density accumula-
tion areas between them. Moreover, when the diameter of
the pressure relief borehole was 140mm, the pressure relief
effect was the best under the three-flower borehole
arrangement.

3.2.2. Analysis of the Arrangement of Pressure Relief
Boreholes with Different Diameters

(1) Thickness of Pressure Relief Zone of Boreholes with Differ-
ent Diameters. Figure 9 shows that an increase in the diam-
eter of the pressure relief borehole causes the thickness of the
pressure relief zone of the borehole to become significantly
larger. In the single-row borehole arrangement, the thick-
ness of the pressure relief zone in the boreholes of 100,
120, 180, and 200mm in diameter was in the middle of the
triple-row and double-row arrangements. In the 140 and
160mm diameter boreholes, the thickness of the pressure
relief zone was in the middle of the single-row and triple-
flower arrangements.

(2) Thickness of Stress Concentration Area of Boreholes with
Different Diameters. Figure 10 shows that as the diameter
of the borehole increases, the thickness of the stress
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Figure 10: Thickness of stress concentration zone in boreholes with different diameters.
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concentration area also increased, but the thickness of the
stress concentration area changed less. In the single-row
borehole arrangement, the thickness of the stress concentra-
tion area was the smallest. The thickness of the stress con-
centration area in the three-flower arrangement was in the
middle. Under the double-row borehole arrangement, the
thickness of the stress concentration area was the largest.

(3) Changes in Elastic Energy Density of Boreholes with Dif-
ferent Diameters. Figure 11 shows that the remaining elastic
energy density of the coal seam decreased as the diameter of
the pressure relief borehole increased. Under the three-
flower borehole arrangement, the residual elastic energy

density of the coal seam was the smallest. In the single-row
borehole arrangement, the residual elastic energy density of
the coal seam was in the middle. Under the double-row
borehole arrangement mode, the residual elastic energy den-
sity of the coal seam was the largest.

(4) Stress Distribution Law of Different Diameter Boreholes.
Figure 12 shows that as the borehole diameter increased,
the coal seam stress decreased more. For the pressure relief
borehole 100mm in diameter under the three-flower
arrangement, the coal seam pressure relief degree was the
highest, followed by the single-row arrangement and
double-row arrangement. In the pressure relief boreholes
with diameters of 120, 180, and 200mm, under the single-
row borehole arrangement, the degree of pressure relief for
coal was the highest, followed the double-row arrangement
and the three-row arrangement. For pressure relief bore-
holes 140 and 160mm in diameter, the degree of pressure
relief of the coal seam was in the middle when the three-
flower arrangement was used.

(5) Displacement Law of Boreholes with Different Diameters.
Figure 13 shows that as the borehole diameter increased, the
maximum displacement of the coal seam increased. The
pressure relief boreholes with different diameters and
double-row arrangement had the largest coal displacement.
When the three-flower arrangement was used, the coal dis-
placement was the smallest, and the single-row arrangement
had middle displacement.

(6) Expansion Law of Plastic Zone of Different Diameter
Boreholes. Table 3 shows that when the pressure relief bore-
holes with different diameters were arranged in a single row,
the plastic zone was connected. Under the three-flower and
double-row arrangements, the plastic zone was not continu-
ously connected; when the double row was arranged, how-
ever, the diagonally protruding area between the boreholes
was continuously connected.

Based on the above analysis, reasonable arrangement of
six types of pressure relief boreholes with different diameters
were studied and analyzed. To obtain the final result conve-
niently and concisely, six indexes were put forward as the
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Table 3: Plastic zone connection of pressure relief boreholes with
different diameters.

Borehole
diameter
(mm)

Connection
status of the
plastic zone of
single-row
arrangement

Connection
status of the
plastic zone of
three-flower
arrangement

Connection
status of the
plastic zone of
double-row
arrangement

100 y n n

120 y n n

140 y n n

160 y n n

180 y n n

200 y n n
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evaluation basis: the average thickness of the pressure relief
area (along the dotted lines A and B), the average thickness
of the stress concentration area (along the dotted lines A and
B), the degree of energy density reduction, the percentage of
stress reduction, the size of displacement, and the penetra-
tion degree of the plastic zone. Among them, the best, mid-
dle, and worst pressure relief result of each index of each
diameter borehole was regarded as “excellent,” “good,” and
“poor,” respectively. The specific evaluation results are
shown in Table 4.

From Table 4, it can be concluded that with borehole
diameters of 100, 120, 180, and 200mm, although the thick-
ness of the stress concentration area was excellent when the
boreholes are arranged in a double row, the pressure relief
area of the borehole was too small and thus poor. Therefore,
the single-row arrangement was optimal. When the borehole
diameters were 140 and 160mm, the arrangement mode
under the optimal pressure relief effect of the borehole was
the three-flower arrangement. Based on the above analysis,
when the diameter of the pressure relief borehole is different,
the optimal arrangement of the borehole is also different.

4. Theoretical Verification

According to the research results in the literature [34], the
pressure relief effects of boreholes were evaluated in the
present study under the actual conditions of a mine. To
improve the effects of a borehole 200mm in diameter, three
types of borehole arrangement schemes were designed and
studied: single-row, three-flower, and square-row arrange-
ments. Through the research and analysis of the thickness
and degree of pressure relief area, it was concluded that the
proportion of pressure relief area was not different between
single-row and three-flower arrangements, although the
single-row arrangement showed better effects. In the
square-row arrangement, the proportion of the vertical
stress concentration area between boreholes was too large
owing to the increase in borehole spacing. In terms of the
relief effect of vertical stress, the single-row borehole
arrangement was the best, followed by the three-flower and
square-row arrangements. This is because the boreholes
were too scattered, and the mutual coupling effect was small,
which can easily form a new stress concentration area.

When the borehole diameter was 200mm, as shown in
Table 4, the single-row borehole arrangement was the opti-
mal solution, which is consistent with the above research
results.

5. Discussions

In view of the fact that there is no mature theoretical system
for the arrangement of pressure relief boreholes with differ-
ent diameters of single strength coal under high stress condi-
tions, the current design of the arrangement of pressure
relief boreholes is mostly determined according to the com-
bination of field experience and national standards. In this
paper, under high stress conditions, a reasonable drilling
arrangement for pressure relief boreholes with different

diameters of a single strength coal seams is proposed. Its
advantages and disadvantages are as follows:

(1) By means of theoretical analysis and numerical sim-
ulation, the rational layout of different diameter
pressure relief boreholes of single strength coal
under high stress condition is studied. The basis of
reasonable arrangement of pressure relief boreholes
with different diameters of single strength coal under
high stress condition is put forward. The evaluation
table of pressure relief effect of different diameters
and different arrangement of pressure relief bore-
holes is established. The theory of selecting the
arrangement of pressure relief boreholes according
to the diameter of boreholes is added, which can pro-
vide theoretical guidance for determining the rea-
sonable arrangement of pressure relief boreholes
with different diameters in coal mine area

(2) In this paper, the object of study only selected the 6
different diameters of pressure drilling, 18 kinds of
model is established, the base also is small and is
only a preliminary exploration of a theoretical
research direction, although it has certain theoretical
guiding significance, but whether it has the broad
applicability of different intensity of coal, more
research is needed; the theory also needs experts fur-
ther explore perfect

6. Conclusion

(1) With an increase in the diameter of the pressure
relief borehole, the released elastic energy of the coal
near the borehole increased; the residual elastic
energy density decreased; the coupling between the
boreholes was enhanced; the pressure relief range
of the borehole increased; and the pressure relief effi-
ciency was improved

(2) Taking the thicknesses of pressure relief and stress
concentration zones as the main evaluation basis
and the distribution law of elastic energy density,
stress, displacement, and plastic zone after the pres-
sure release of the coal seam as the auxiliary evalua-
tion factors, the pressure relief boreholes with
different diameters were examined, and a reasonable
borehole arrangement was determined

(3) Six evaluation index systems were proposed to eval-
uate the pressure relief effect: the thickness of the
pressure relief zone, thickness of the stress concen-
tration zone, degree of energy density reduction, per-
centage of stress reduction, displacement, and
penetration degree of the plastic zone. It was deter-
mined that when the borehole diameters were 100,
120, 180, and 200mm, the single-row borehole
arrangement had the best pressure relief effect.
When the borehole diameters were 140 and
160mm, the three-flower drilling arrangement was
best

11Geofluids



(4) It is concluded that pressure relief boreholes with
different diameters should adopt different borehole
arrangement theories. The results of this research
provide a reference basis for setting the optimal pres-
sure relief effect in mining areas according to the
actual drilling diameter

Data Availability

The data that support the study are included in this paper.

Conflicts of Interest

We declare that we have no conflict of interest.

Acknowledgments

This paper received financial supports from the National
Natural Science Foundation of China (grant numbers:
51674016 and 52004090) and the Natural Science Founda-
tion of Hebei Province (grant number: E2020808025).

References

[1] J. Yaodong and Z. Yixin, “State of the art: investigation on
mechanism, forecast and control of coal bumps in China,”
Chinese Journal of Rock Mechanics and Engineering, vol. 34,
no. 11, pp. 2188–2204, 2015.

[2] Q. Qingxin and P. Yongwei, “Study of bursting liability of coal
and rock,” Chinese Journal of RockMechanics and Engineering,
vol. 30, no. S1, pp. 2736–2742, 2011.

[3] L. M. Dou, J. He, A. Y. Cao, S. Y. Gong, and W. Cai, “Rock
burst prevention methods based on theory of dynamic and
static combined load induced in coal mine,” Journal of China
Coal Society, vol. 40, no. 7, pp. 1469–1476, 2015.

[4] F. Jiang, G. Yang, andW. Quande, “Study and prospect on coal
mine composite dynamic disaster real-time prewarning plat-
form,” Journal of China Coal Society, vol. 43, no. 2, pp. 333–
339, 2018.

[5] J. F. Pan, Y. Ning, D. B. Mao, H. Lan, T. T. Du, and Y.W. Peng,
“Theory of rockburst start-up during coal mining,” Chinese
Journal of Rock Mechanics and Engineering, vol. 31, no. 3,
pp. 586–596, 2012.

[6] Y. Sun, G. Li, H. Basarir, A. Karrech, and M. R. Azadi, “Labo-
ratory evaluation of shear strength properties for cement-
based grouted coal mass,” Arabian Journal of Geosciences,
vol. 12, no. 22, 2019.

[7] Y. Sun, G. Li, N. Zhang, Q. Chang, J. Xu, and J. Zhang, “Devel-
opment of ensemble learning models to evaluate the strength
of coal-grout materials,” International Journal of Mining Sci-
ence and Technology, vol. 31, no. 2, pp. 153–162, 2021.

[8] Y. Sun, G. Li, and J. Zhang, “Investigation on jet grouting sup-
port strategy for controlling time-dependent deformation in
the roadway,” Energy Science & Engineering, vol. 8, no. 6,
pp. 2151–2158, 2020.

[9] Y. D. Jiang, Y. S. Pan, F. X. Jiang, D. O. U. LM, and Y. Ju, “State
of the art review on mechanism and prevention of coal bumps
in China,” Journal of China Coal Society, vol. 39, no. 2,
pp. 205–213, 2014.

[10] H. Wu, X. Wang, W. Yu et al., “Analysis of influence law of
burial depth on surrounding rock deformation of roadway,”
Advances in Civil Engineering, vol. 2020, 13 pages, 2020.

[11] H.Wu, X.Wang,W.Wang, G. Peng, and Z. Zhang, “Deforma-
tion characteristics and mechanism of deep subsize coal pillar
of the tilted stratum,” Energy Science & Engineering, vol. 8,
no. 2, pp. 544–561, 2020.

[12] L. Dongyin, D. Zhiguo, and L. Zhiyong, “Numerical simula-
tion analysis on parameters of pressure releasing borehole in
high stress seam gateway,” Coal Engineering, vol. 46, no. 9,
2014.

[13] G. Min-min, M. Zhan-guo, G. Peng, and Z. Guo-wei, “Analysis
of the effect on pressure relief by the pressure relieving hole
layouts in high stress coal roadway,” Journal of Safety Science
and Technology, vol. 8, no. 11, pp. 5–10, 2012.

[14] Y. W. Lan, P. C. Liu, W. Li, X. H. Chen, Z. Y. Lu, and W. Y.
Xing, “The influencing factors of drillhole pressure relief and
the regression analysis of destroy radius,” Safety in Coal Mines,
vol. 44, no. 4, 2013.

[15] C. Jia, Y. Jiang, X. Zhang, D. Wang, H. Luan, and C. Wang,
“Laboratory and numerical experiments on pressure relief
mechanism of large-diameter boreholes,” Chinese Journal of
Geotechnical Engineering, vol. 39, no. 6, pp. 1115–1122, 2017.

[16] E. B. Yi, Z. L. Mu, L. M. Dou, J. G. Ju, L. Xie, and D. L. Xu,
“Study on comparison and analysis on pressure releasing effect
of boreholes in soft and hard seam,” Coal Science and Technol-
ogy, vol. 39, no. 6, pp. 1–5, 2011, 85.

[17] W. Meng, W. Xiangyu, and X. Tongqiang, “Borehole destres-
sing mechanism and determination method of its key param-
eters in deep roadway,” Journal of China Coal Society,
vol. 42, no. 5, pp. 1138–1145, 2017.

[18] H. G. Liu, Y. N. He, J. H. Xu, and L. J. Han, “Numerical simu-
lation and industrial test of boreholes distressing technology in
deep coal tunnel,” Journal of China Coal Society, vol. 32, no. 1,
pp. 33–37, 2007.

[19] Z. Hongwei, L. Yunpeng, C. Ying, Z. Feng, and S. Ling-feng,
“Research on bumping prevention scheme optimization of
large diameter drilling in isolated area under three hard condi-
tions,” Journal of Safety and Environment, vol. 17, no. 5,
pp. 1823–1827, 2017.

[20] Q. Zi-han, “Study of pressure relief with large diameter drilling
hole and results verified,” Journal of Mining And Strata Con-
trol Engineering, vol. 23, no. 4, pp. 77–80, 2018.

[21] L. I. Jinkui and X. Zhenhua, “Numerical simulation of bore-
hole pressure relief to prevent rock burst in roadway,” Journal
of Xi'an University of Science and Technology, vol. 29, no. 4,
pp. 424–426+432., 2009.

[22] Z. Si-tao, J. Fu-xing, S. Xian-feng et al., “Energy dissipation
index method for determining rockburst prevention drilling
parameters,” Rock and Soil Mechanics, vol. 36, no. 8,
pp. 2270–2276, 2015.

[23] S. Qing-wen, C. Hong-ke, L. Da-zhao, P. Jun-feng, X. Yong-
xue, and W. Shu-wen, “Study on pressure relief drilling holes
layout parameters of roadside in rockburst coal seam,” Journal
of Mining And Strata Control Engineering, vol. 22, no. 6,
pp. 74–77, 2017.

[24] D. Li, F. X. Jiang, Y. Chen, D. C. Gai, Y. Wang, and W. B.
Wang, “Study on impact mechanism and prevention technol-
ogy of drainage lane of large coal pillars near deep wells,” Jour-
nal of Mining & Safety Engineering, vol. 36, no. 2, pp. 265–271,
2019.

12 Geofluids



[25] W. Shu-wen, P. Jun-feng, L. Shao-hong, X. Yong-xue, Y. Lei,
and G. Xiao-jin, “Evaluation method for rockburst-
preventing effects by drilling based on energy-dissipating
rate,” Journal of China Coal Society, vol. 41, no. S2, pp. 297–
304, 2016.

[26] C. Zhai, J. Xu, S. Liu, and L. Qin, “Investigation of the dis-
charge law for drill cuttings used for coal outburst prediction
based on different borehole diameters under various side
stresses,” Powder Technology, vol. 325, pp. 396–404, 2018.

[27] Y. Li, H. W. Zhang, J. Han, F. Zhu, and C. Guo, “Time effect of
borehole pressure relief based on distributed optical fiber sens-
ing technology,” Journal of China Coal Society, vol. 42, no. 11,
pp. 2834–2841, 2017.

[28] S. Zhang, Y. Li, B. Shen, X. Sun, and L. Gao, “Effective evalua-
tion of pressure relief drilling for reducing rock bursts and its
application in underground coal mines,” International Journal
of Rock Mechanics and Mining Sciences, vol. 114, pp. 7–16,
2019.

[29] D. Ge, D. Li, and F. Jiang, “Reasonable pressure-relief borehole
spacing in coal of different strength,” Journal of Mining &
Safety Engineering, vol. 37, no. 3, pp. 578–585, 2020.

[30] G. Yong-ge, J. Zhi-xin, M. Xiao-qiang, and Z. Ji-yun, “Effects
of hole diameter and arrangement on tunneling surface relief
effect,” Coal Technology, vol. 36, no. 1, pp. 138–140, 2017.

[31] X. Heping, J. Yang, and L. Liyun, “Criteria for strength and
structural failure of rocks based on energy dissipation and
energy release principles,” Chinese Journal of Rock Mechanics
and Engineering, vol. 24, no. 17, pp. 3003–3010, 2005.

[32] R. Solecki and R. J. Conant, Advanced mechanics of materials,
Oxford University Press, London, 2003.

[33] G. S. Su, X. T. Feng, Q. Jiang, and G. Q. Chen, “Study on new
index of local energy release rate for stability analysis and opti-
mal design of underground rockmass engineering with high
geostress,” Chinese Journal of Rock Mechanics and Engineer-
ing, vol. 25, no. 12, pp. 2453–2460, 2006.

[34] W. Shuwen, M. Debing, and R. Yong, “Parameter optimizating
of drilling holes for pressure relief,” Journal of Mining And
Strata Control Engineering, vol. 15, no. 5, pp. 14–17, 2010.

13Geofluids


	Research on Optimization of Coal Pressure Relief Borehole Parameters under High-Stress Conditions
	1. Introduction
	2. Mechanism Analysis
	2.1. Stress Transfer Mechanism of Pressure Relief Borehole
	2.2. Energy Dissipation Mechanism of Pressure Relief Borehole

	3. Numerical Simulation Scheme and Results
	3.1. Modeling and Scheme
	3.2. Results Analysis
	3.2.1. Arrangement of Single-Diameter Pressure Relief Borehole
	3.2.2. Analysis of the Arrangement of Pressure Relief Boreholes with Different Diameters


	4. Theoretical Verification
	5. Discussions
	6. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments

